The primary aim of this randomized, controlled, clinical investigation was to evaluate the differences in clinical parameters of root coverage procedures utilizing coronally advanced flaps (CAF) with and without enamel matrix derivative (EMD). Another aim was to evaluate if EMD can influence keratinization of tissues utilizing these procedures.
G ingival recession and root exposure have presented a therapeutic challenge to clinicians for many years. With an increased awareness of esthetics by both patients and dentists, various surgical procedures have been designed to correct gingival deformities esthetically as well as functionally. The correction of functional deficiencies without returning the dentogingival complex to its original anatomy is no longer acceptable in today's clinical practice when dealing with deficiencies within the esthetic zone. The main indications for root coverage procedures include esthetic demands, root sensitivity, and shallow carious lesions. 1 An ideal periodontal plastic surgical procedure for root coverage should reestablish esthetics and function, and provide a sulcus exhibiting no bleeding on probing and a depth of 2 mm or less. 2 A variety of techniques have been developed to attain complete root coverage, with the predictability of these procedures having improved with various modifications developed over the years. Free gingival grafts were largely used in the past for this purpose with different degrees of success. 3, 4 Other popular techniques were sliding flaps [5] [6] [7] and double papilla grafts. 8 Connective tissue grafts, introduced in 1985 by Langer and Langer, 9 coronally advanced flaps, 10, 11 and combinations of the two techniques 12-14 achieved more predictable results and are currently the preferred techniques.
Using a coronally advanced pedicle flap at a site where a free gingival graft was previously placed, Caffesse and Guinard 15 reported the highest mean root coverage values (74%), while Bernimoulin et al. 14 reported the highest percentage of sites with complete root coverage (44%). The combination of the subepithelial connective tissue graft with various pedicle flaps has resulted in significantly improved predictability with a reported mean root coverage of 71% to 98% and complete root coverage in 62% to 89% of the sites. 12, 16, 17 Guided tissue regeneration (GTR) has been successfully utilized to treat marginal tissue recession. Investigations examining the predictability of these procedures have reported mean root coverage ranging from 64% to 95.2%. [18] [19] [20] [21] [22] [23] [24] Unfortunately, this procedure may present technical difficulties, including membrane exposure which can decrease the predictability of the GTR treatment outcome.
More recently, a new material composed of enamel matrix derivative (EMD) ʈ has been introduced as a novel conceptual approach to regenerative therapy. [25] [26] [27] The material mimics the function of the enamel matrix protein secreted by the inner layer of Hertwig's epithelial root sheath on the surface of the new dentin. The material consists of several enamel matrix-derived proteins, primarily amelogenin, which is harvested from embryonic porcine teeth. EMD has been extensively studied in animals and humans, providing evidence of tissue regeneration. [28] [29] [30] [31] Of the various techniques employed to correct marginal tissue recession, coronally advanced flaps appear to be less technique sensitive and have a high degree of success with appropriate case selection. Allen and Miller reported 97% mean root coverage with complete root coverage achieved in 84% of the sites. 10 Heinz et al. 32 demonstrated the feasibility of root coverage of multiple adjacent gingival recessions utilizing coronally advanced flaps following EMD application in 132 recession defects. These included Miller Class I, II, and III 33 defects in 15 patients with mean recession of 4.2 mm (SD: 1.2 mm). A significant recession coverage of 82% (SD: 17%) was achieved after 12 months, although no controls were presented.
The purpose of this study was to evaluate whether the application of EMD in conjunction with the coronally advanced flap technique will enhance the clinical outcome and predictability of this procedure.
MATERIALS AND METHODS
A split-mouth design was utilized with contralateral sites within each subject randomized to receive coronally positioned flaps with or without the application of enamel matrix derivative so that each subject served as his/her own control. Factors such as compliance, smoking, and oral hygiene were controlled within each subject.
Twenty-nine test sites and 29 control sites were evaluated at intervals of 3 and 6 months. Initially, 30 patients presenting at the Department of Periodontics at Baylor College of Dentistry, Dallas, Texas for treatment of buccal marginal tissue recession defects were screened. Inclusion criteria included: systemically healthy patients with no contraindications to periodontal surgery; similar mandibular or maxillary single or multiple contralateral buccal recession defects >2 mm depth (measured from the cemento-enamel junction [CEJ] to the midfacial gingival margin) limited to incisors, canines, and premolars; good plaque control defined as modified O'Leary index 34 of 90% or more plaque free after initial therapy; vital teeth; ¶ absence of bleeding on probing at the surgical sites; no previous surgery performed prior to treatment at the selected sites; and no restorations on the root surface. Of the 30 patients initially screened, two were not selected because of previous restoration in the recession area, two had uncontrolled hypertension, five had recessions of less than 2 mm, and four did not present with similar contralateral recessions, leaving a study population of 17 consecutively treated patients (11 females and six males; age range, 23 to 55 years; mean 39 years). Fifty-eight single or multiple buccal recession defects were treated. Tooth location was as follows: 10 incisors, 13 canines, and 13 premolars located in the maxillary arch and 22 premolar sites located in the mandibular arch. Of the 58 defects, 38 were multiple adjacent (double sites) defects and 20 were isolated defects. All participating patients completed the study.
This study included Miller Class I, II, and III marginal tissue defects, thus allowing a realistic evaluation of the procedure treatment outcome. Furthermore, there were no restrictions related to a minimum amount of keratinized tissue, tissue thickness, or maximum vertical recession depth for defects to be included. The study protocol was approved by the Institutional Review Board at Baylor College of Dentistry, and all patients signed an informed consent.
All patients received scaling, root planing, and oral hygiene instructions. The two smokers in the study population were asked to avoid smoking 14 days before and 14 days after the surgical procedures.
The clinical parameters to be evaluated included: vertical recession (VR); horizontal recession (HR) at the CEJ; probing depth (PD) on mesial, distal, and midfacial aspects; and clinical attachment level (CAL) on mesial, distal, and mid-facial aspects. Baseline evaluation also included: papillary height (PH), papillary width (PW), and papillary surface area (PSA) on mesial and distal aspects; keratinized tissue level (KTL); distance from CEJ to bone; tissue thickness; Miller classification of recession; flap tension; and root prominence. Lugol's solution # was applied to the gingiva and alveolar mucosa using a cotton pellet until a sharp demarcation between the keratinized tissue (KT) and alveolar mucosa was visible. An iodine solution 35 was used to chemically disclose the mucogingival junction (MGJ). An iodine-positive reaction was obtained on the alveolar mucosa due to its high glycogen content, while KT showed an iodine-negative reaction resulting from its low glycogen content.
Patients who smoked ≥10 cigarettes per day were considered smokers.
During the surgical procedures, the distance from the CEJ to bone was recorded and any notable root prominence was removed with a diamond bur.
The clinical measurements were obtained using a North Carolina periodontal probe to the nearest 0.5 mm immediately prior to surgery (baseline) and again at 3 and 6 months after surgery. All clinical measurements were recorded by one examiner (MAC). Patients were masked to treatment received.
Surgical Procedures
The sites were assigned using a random number table. The surgical site was anesthetized with lidocaine HCl (2%) with 1:100,000 epinephrine. The root surfaces were thoroughly planed utilizing a Younger-Good universal curet.** Two oblique incisions starting at the mesial and distal aspects of the recession and extending to the mucogingival junction (MGJ) (Fig. 1A) , followed by a sulcular incision were carried out. A periosteal elevator was used to carefully reflect an initial full-thickness flap.
A split thickness pedicle flap was dissected beyond the facial bony crest. This dissection was extended mesially, distally, and apically, as necessary, to release any tension of the flap (Fig. 1B) . A #15 Bard Parker blade † † was utilized to deepithelialize the papilla adjacent to the involved tooth.
The exposed root surfaces at test and control sites were conditioned with a 24% EDTA gel ‡ ‡ for 2 minutes using a cotton pellet, in order to remove the smear layer. After EDTA application, the area was rinsed with saline solution and gently air dried. The EMD ʈ was applied to the exposed root surface at the test sites, starting at the base of the recession using the cannula provided by the manufacturer (Fig. 1C) .
The flap was displaced coronally without tension to the CEJ level, fully covering the recession. A nonresorbable suture § § was used to secure the coronally advanced flap at the CEJ level utilizing a mattress sling suturing technique. Resorbable interrupted sutures ʈ ʈ (Hu-Friedy chromic gut 6.0) were placed to coapt the mesial and distal papillae as well as the lateral aspects of the flaps along the vertical incisions, and to facilitate tissue stabilization (Fig. 1D) .
Test sites received a second application of EMD directly over the incisions (Fig. 1E) . The surgical procedures for the control sites were identical with the exception of EMD application. All surgical procedures on test and control sites were performed on the same day by the same clinician (MAC).
Post-Surgical Care
Intermittent ice pack application was used immediately after surgery and for the first 24 hours at control and test sites for 20 minutes per hour. All patients were advised to discontinue all mechanical oral hygiene measures for 4 weeks and avoid any trauma to the surgical sites. A cold liquid diet was recommended for the first 24 hours. During the next 6 days a soft diet was recommended. A 0.2% chlorhexidine gluconate rinse was prescribed for 4 weeks. All non-resorbable sutures were removed after 2 weeks. Professional plaque control was performed at the 3-month and 6-month recall visits. No periodontal dressing was placed, and pain medication was prescribed as needed.
Statistical Analysis
Patient means were computed by treatment group. Summary statistics for baseline parameters were computed from patient means. Paired t tests were used to test for differences in baseline parameters based on patient means by treatment group. Percent of root coverage was calculated at 3 and 6 months postoperatively according to the following equation:
where RSA 0 = baseline root surface area and RSA t = root surface area at time t.
A generalized estimating equations (GEE) regression model for site-level data with adjustment for baseline covariates was used to compute adjusted mean percentage root coverage for test sites and control sites after 3 and 6 months. Because of the small sample size, all GEE results were verified by standard analysis of covariance for paired data from patient means with adjustment for baseline covariates. A P value <0.05 was considered statistically significant for all analyses.
RESULTS
Summary statistics, based on patient means by treatment group, for baseline clinical parameters are presented in Table 1 . Comparisons of baseline parameters were conducted using paired t tests. The only significant difference between treatment groups was for distal periodontal attachment level. Frequencies for categorical baseline clinical parameters are presented for each group in Table 2 . No significant differences in the distribution of root prominence (recorded as present or absent), flap tension (recorded as present or absent), and Miller Class (I, II, III) were found at baseline. Table 3 shows the adjusted means from GEE modeling for root coverage over time. A significant reduction in horizontal recession at 3 months and 6 months was 
Tooth #6, test site with 4 mm vertical recession. A) Oblique vertical incisions are made. B) Full-thickness flap is elevated to the facial bony crest, at which point a partial-thickness flap is reflected. C) A cannula is used to apply EMD over the exposed root, beginning at the most apical part of the defect. D) Flaps are coronally advanced without tension and sutured with a sling suture and interrupted chromic gut 6-0 sutures. E) A second application of EMD is placed over the flap incision. F) Six months post-surgery, there is complete root coverage with a good color match.
(95% CI: 0.67 to 1.19) at 3 months and 0.77 mm (95% CI: 0.52 to 1.01) at 6 months postoperatively.
In addition to reductions in vertical recession, significant reductions in horizontal recession were also noted for both test and control sites. Based on GEE adjusted means, horizontal recession at test sites decreased from 3.92 mm (95% CI: 3.56 to 4.28) at baseline to 1.80 mm (95% CI: 1.27 to 2.33) at 3 months and 0.80 mm (95% CI: 0.30 to 1.31) at 6 months postoperatively. By comparison, control sites demonstrated significantly less improvement in horizontal recession decreasing from an adjusted mean of 3.80 mm (95% CI: 3.50 to 4.09) at baseline to 2.47 mm (95% CI: 2.00 to 2.94) at 3 months and 2.11 mm (95% CI: 1.61 to 2.61) at 6 months postoperatively.
Both test and control sites demonstrated a significant reduction in the root surface area exposed over time. The exposed root surface area for the test sites was reduced from an adjusted mean of 7.77 mm 2 (95% CI: 6.63 to 8.91) at baseline to 0.85 mm 2 (95% CI: 0.15 to 1.55) at 3 months and 0.61 mm 2 (95% CI: −0.02 to 1.24) at 6 months. In contrast, control sites had significantly less improvement in exposed root surface area decreasing from an adjusted mean of 7.79 mm 2 (95% CI: 6.43 to 9.16) at baseline to 3.55 mm 2 (95% CI: 2.54 to 4.57) at 3 months and 2.75 mm 2 (95% CI: 1.79 to 3.72) at 6 months.
Percentage root coverage was calculated for each site. At both 3 months and 6 months, test sites demonstrated significantly greater root coverage compared to control sites (P <0.001). Specifically, test sites demonstrated 89.7% (95% CI: 83.2% to 96.1%) and 92.9% (95% CI: 87.4% to 98.3%) root coverage at 3 months and 6 months (Fig. 1F) root coverage among test sites compared to control sites regardless of arch or Miller classification. Range of vertical recession gain varied from 70% to 100% for test sites and from 0% to 100% for control sites. Complete or 100% root coverage was obtained in 29 of the 58 sites, 21 test sites (72.4%), and eight control sites (27.6%); 43 sites (74%) had no more than 0.5 mm of residual recession, 15 control sites (51.7%), and 28 test sites (96.6%). Interestingly, of the seven sites originally classified as Miller Class III defects, two of the three test sites had 100% root coverage while only one of the four control sites had 100% root coverage. Measurement of keratinized tissue evaluated with Lugol's solution (KTL) showed that test sites had significantly more keratinized tissue after 6 months compared to control sites (P = 0.005). At baseline, KTL was 2.04 mm and 2.14 mm for test and control sites, respectively. After 6 months of treatment KTL was 2.64 mm for test sites and 2.09 mm for control sites (Table 3 ). There was a mean increase in keratinized tissue of 0.6 mm for test sites and a mean decrease of 0.05 mm for control sites.
DISCUSSION
The goal of periodontal plastic surgery is to reestablish esthetics as well as function. The goal of root coverage procedures is to obtain complete root coverage and to restore normal gingival anatomy. Root coverage procedures are indicated for esthetic reasons and to treat root sensitivity. 4 A variety of techniques have been developed to attain complete root coverage, with the predictability of these procedures being improved by modifications added over the years. A principal objective of these modifications has been to enhance blood supply to the graft, thereby facilitating success. Previously, Allen and Miller 10 obtained 98% root coverage in 28 patients with a total of 37 sites utilizing this technique. However, this procedural approach was performed exclusively on Miller Class I recession defects where root coverage is more predictable. In addition, all patients had thick buccal tissue which presented with at least 3 mm of keratinized tissue. In another study, Wennström and Zucchelli 36 treated 67 patients that compared CPF (45 sites) with subepithelial connective tissue grafts (58 sites) and reported root coverage of 98% and 97%, respectively. Again, only Miller Class I defects were treated, thus increasing the potential of a better outcome. In the present study, Miller Class I, II, and III defects were treated. Neither flap thickness nor amount of keratinized tissue were a criteria for exclusion. Hence, the initial conditions for our study were less favorable for obtaining an optimal outcome than either of the earlier studies. 10, 36 Despite the inclusion of Miller Class III recession defects in the current study, the mean percentage root coverage of 92.9% among test sites is among the highest reported for root coverage procedures. In addition, the mean percentage root coverage of 66.8% among control sites compares reasonably with other studies involving CAF alone. Greenwell and Bissada 37 reviewed several root coverage procedures and found that the connective tissue grafting technique achieved 65% to 97% mean root coverage (mean 82%), bioabsorbable membranes achieved 52% to 94% mean root coverage (mean 75%), non-resorbable membranes achieved 54% to 91% mean root coverage (mean 75%), and CAF alone achieved 50% to 98% mean root coverage (mean 75%).
Prior to the present study, there have been only two published reports comparing CAF with or without the addition of EMD to treat marginal tissue recession defects. 38, 39 Modica et al. 38 found that EMD did not significantly improve the clinical outcomes of recession defects treated with CAF. With an average initial recession of 3.71 mm and 3.50 mm for test and control sites, respectively, they reported 91.2% root coverage for the test sites, which is very similar to the 92.9% reported in our study. In sites treated without EMD, Modica et al. reported 80.9% root coverage compared to 66.8% root coverage obtained in our study. As pointed out above, our study included Miller Class III defects which were excluded from the Modica et al. study. In a more recent study, Berlucchi and coworkers 40 evaluated 26 recession defects and compared CAF plus EMD with CAF plus EMD plus connective tissue graft (CTG). After 6 months CAF + EMD showed 93.97% root coverage and the CAF + EMD + CTG showed 93.59% root coverage, with no significant difference found between the two groups. The root coverage with or without CTG is almost equal to the test group root coverage of 92.9% in our study.
Our findings on test sites agree with the Berlucchi et al. 40 observation regarding keratinized tissue which showed an increase of 0.69 mm after 6 months, and with the Hägewald et al. study 39 which showed an increase of 0.7 mm of keratinized tissue after 1 year. In our study, an increase of 0.60 mm in keratinized tissue in test sites was observed at 6 months. Aukhil and Iglhaut 41 studied periodontal ligament (PDL) kinetics in monkeys and concluded that the PDL can migrate up to 0.60 mm in a created wound. This may offer an explanation for the increase of 0.60 mm of keratinized tissue obtained in our study. It is possible that the EMD application over the root may influence the PDL cells to promote keratinization.
Although EMD has been extensively used clinically, little information is available regarding cell attachment or the mechanism of effect promoted by EMD. A recent study by Suzuki and Ohyama 42 provided the first evidence indicating that a bone sialoprotein-like molecule (BSP-like molecule) in EMD and integrin αvβ3 on the surface of the human periodontal ligament cell (HPDL) may mediate binding of EMD to the HPDL cell surface. The authors also suggest that this may be crucial to the differentiation of these cells. This may explain why EMD is able to enhance the outcome of root coverage procedures utilizing CAF.
The results of this study demonstrate that the addition of EMD is useful in treating Class II and Class III recession defects with CAF where CAF normally would have the tendency to show less favorable results. The postoperative measurement period of 6 months is sufficient to determine the long-term result of the method studied since it has been shown that a stable tissue relationship exists after the first postoperative month following root coverage procedures. 15 Based on the results of this study, the application of enamel matrix derivative to denuded root surfaces treated with coronally advanced flaps significantly increases the percentage of root coverage compared to CAF without EMD, regardless of arch or Miller classification.
